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We have investigated the effect of ultra viole t-B (UVB) 
irradiation on the de nsity of epidermal A TPase-positive 
Langerhans cells, and the modulation of this effect by 
indomethacin (IND) . Depila ted backs of albino guinea 
pigs were e xposed to varying doses of UVB (10-5 50 
mJ/cm2 ). Skin biopsies were taken serially. There w as 
an UVB dose-dependent decrease in the density of den-
dritic epidermal Langerhans cells, as identified by their 
membra ne ATPase activity . This was accompanied by 
thinning and shortening, or disappea rance of dendritic 
processes. Such changes were followed by a gradual 
recovery of the cell density to preirra diation level by 
day 21. Despite the high doses of UVB given, the maxi-
mal decrease in the density of ATPase-positive cells w as 
only 58%. Topical application of IND, a prostaglandin-
sy nthetase inhibitor, after irradiation resulted in a de-
crease of the er y thema; however, the decrease in the 
density of ATPase-positive cells was still observed. In 
contrast, guinea pigs that received IND topically prior 
t o irradiation showed a decreased erythemal response, 
but failed to show any decrease in the density of ATPase-
positive cells. Administration of IND orally for 3 days 
prior to UVB exposure did not prevent the decrease in 
the cell density. 
The protective effect of topical IND, applied prior to 
irradiation, may be explained by its in vit ro absorbance 
at both the UVB and UV A ranges. Topica l application 
of IND 20 min prior to ex posure to UVB in 2 human 
subjects resulted in an increase in the minimal ery thema 
dose, giving a sun protection factor of 1.6, which is 
comparable to that produced by an equimolar concen-
tration of para-aminobenzoic acid solution. The sun-
protective property of IND, together with its activity as 
a prostaglandin synthetase inhibitor, indicate that it 
potentially could be a useful sunscreen agent. Its clinical 
sa fety and efficacy, however, remain to be determined. 
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MED: minimal erythema dose 
PABA: para-aminobenzoic acid 
PG : prostaglandin 
SPF: sun protection facto r 
Cuta neous erythema induced by UVB radiation has been 
show n to be mediated, at least in part, by prostaglandins (PGs) 
of t he E series. In a study of human sun burn reaction , it has 
been demonstrated t hat PGE2 levels we re elevated before t he 
onset of erythema. At 24 h, when maxi ma l clin ical erythema 
was observed, t he PGE2 levels reached 150% of t he con t rol 
va lue [1]. In a separate study, it was shown t hat topical appli -
cation of indomethac in (IND) , an inhibitor of PG synt hesis, 
resul ted in decreased erythema l response to UVB [2], fu rt her 
indicating t he invo lve ment of PGs in t he UVB-induced ery-
t hema. 
In recent years, it has become apparent t hat UV irradiation , 
in addit ion to inducing t he syn t hesis of PGE, a lso profoundly 
a lters epide rmal Langerh ans cells, t he antigen -presenti ng cells 
in mamma lian epidermis [3]. In mice and humans, irradiation 
with UVB and/or UVA ma rkedly reduced t he density of Lan-
gerhans cells, as determined by staining fo r membrane ATPase 
and !a- reactivit ies [4- 6]. Furt hermore, t he capacity of t hese 
cells to presen t ant igen was inhibited [5,7]. In guinea p igs 
t reated wi t h pso ra lens and U V A, a decreased dens ity of 
ATPase-posit ive epidermal cells has been reported [8]; how-
ever, t he effect of U VB in t his species has not been fully 
investigated. Because guinea pigs have been used extensively 
fo r t he study of con tact [9] a nd photocontact [10] dermatit is, 
experiments were designed to investigate t he effects of UVB 
on Langerhans cells in t hi s species. After showin cr t hat UVB 
produced a decrease in t he density of ATPase-posit ive cell s, 
t he modulation of t his effect by pharmacologic agen ts was a lso 
studied. We used IND because of its known effect in decreasing 
t he UVB- induced erythema, and para-aminobenzoic ac id 
(PABA) because of its sun -screening p roperties [11]. 
MATERIALS AND METHODS 
Animals 
Albino Hartley strain gu inea pigs, 600-800 g, were used (Camm 
Research Institute, Wayne, New Jersey). 
Chemicals 
lndomethacin, 2.5% (0.07 M) (Sigma, St. Louis, Missouri) was dis-
solved in propylene glyco l:absolute ethanol:dimethylacetamide, 19:19:2, 
v/v, and applied topically. For oral admi nistration, it was dissolved in 
absolute ethanol:phosphate-buffe red saline (pH 7.4), 1:9, v/ v, at a fi nal 
concent ration of 1 mg/ ml. Para-aminobenzoic acid (Sigma) 1% (0.07 
M) was dissolved in 70% isopropyl alcohol. All other chemicals used 
were reagent grade. 
Absorption Spectrum. of IND and PABA 
Determination of the absorpt ion spectrum of IND in propylene 
glycol:absolute ethanol:dimethylacetamide (19: 19:2, v/ v) , or that of 
PABA in 70% isopropyl alcohol, was performed using an LKB Bio-
chrom Ult rospec 4050 (LKB lnstruments, Gaithersburg, Maryland). 
The respective vehicle was chosen to correlate with those used in ou r 
in vivo studies. 
Light Source 
The light source for studies using gu inea pigs was a bank of 4 FS40 
tubes (Westinghouse Electric Corp., Bloomfield , New Jersey), which 
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emit photons over the range of 275-375 nm and beyond, with a peak 
output at 300-320 nm (UVB). Using a n IL 700 research radiometer 
(International Light, lnc., Newburyport, Massachusetts), SEE240 sen-
sor, W586 diffuse r, and UVB 63 filter (half power points: 275 nm and 
303 nm), and measured at 15 em dista nce, the output of t he light source 
was 307 p.W /cm2• 
Studies on human subjects were performed using a 1000-W xenon 
arc solar simulator (Oriel Corporation, Stamford, Connecticut), 
equipped with UVC-blocking filter (Oriel Corporation), which elimi -
nates a ll the wavelengths below 290 nm , a nd a dichroic mirror to reduce 
t he visib le and infrared radiation by 90%. The output, measured at 38 
em from t he light source, using an 1L500 radiometer, SEE240 sensor, 
W824 diffuser, and UVB 87 filter (half power points: 275-303 nm), was 
6.8 x 10- 4 W /cm2 . 
A TPase Staining and Enumeration of A TPase-positive Cells 
This procedure was previously described [12]. Six-millimeter punch 
biopsies were taken from the backs of guinea pigs. Dermal-epidermal 
separation was achieved by incubating the tissues in a solution of 2 N 
sodium bromide. The epidermal sheets were t hen incubated with aden-
osine t riphosphate as a substrate, and developed in dilute a mmonium 
sulfide. They were mounted on glass slides with Permount (Fisher 
Sc ientific, Fair Lawn , New Jersey). The density of the ATPase-posit ive 
cells was determined microscopically by using a calibrated optical grid, 
covering an area of 0.205 x 0.205 nm2 (at objective lens 40X, and ocular 
lens 12.5X). The numbers of cells in 5 randomly chosen interfollicular 
fields were counted. Results were ex pressed as t he number of ATPase-
posit ive cells/mm2 ± SEM. 
Treatment and Irradiation of Guinea Pigs 
Hairs on the bac ks of gui nea pigs were clipped with an electric 
clipper, and the skin was depilated with Neet Cream (Whitehall Lab-
oratories, New York, New York). The a nimals were placed and re-
strained on a nimal tables (Eberback, Ann Arbor, Michigan). The backs 
of t hese gu inea pigs were irradiated with 1 single exposure of t he 
desired dose of UVB (10 mJ /cm2 to 550 mJ/cm2) with t he FS40 light 
source, at a distance of 15 em. The right side of the back was covered 
with a lead shield to serve as a non irradiated control site. Sk in biopsies 
were performed prior to, a nd at days 2, 4, 6, 8, 14, and 21 after the 
irradiation. 
The role of PGs and the modulating effect of IND and PABA on 
UVB-induced alteration of the density of epidermal ATPase-positive 
cells were evaluated on guinea pigs receiving a single exposure of UVB 
(550 mJ/cm2), as summarized in Table I . The development of visible 
erythema was evaluated prior to, and at 24 h, and 48 h afte r t he 
irradiation. The erythemal response was graded as follows: 0, no ery-
thema; 1 +, pink erythema not fillin g t he exposed area; 2+ , intense 
erythema, filling t he exposed area; and 3+ , intense erythema with 
edema. In experiments where topical agents were used, 5 p.l of the 
solut ion was applied per cm2• T opical application of t he respective 
vehicle used for IND, or PABA, had no effect on the clinical cha nges 
nor on the density of ATPase-positive cells. 
Studies on the Sun-Protective Effect of Topical IND in Humans 
Studies were performed on 2 healthy adult male volunteers (skin 
type 1) . ln each subject , the minimal erythema dose (MED) was 
determined 1 day prior to t he experiment. The MED was defined as 
the dose of radiation required to produce pink erythema entirely filling 
the exposed a rea. The sunscreen testing was carried out following the 
guidelines established by the United States Food and Drug Adminis-
TABLE I. Experimental protocol: guinea pigs 
Oral 
IND" or 
Buffer 
Topica l 
JND•_. UVB 
UVB-.IND' 
IND•-> UVB -> IND' 
PABA"-> UVB 
UVB 
" Indomethacin (IND) was administered ora lly at 5 mg/ kg per day 
in 3 divided doses for 3 days prior to UVB irradiation, and for 24 h 
fo llowing irradiation. 
• Indomethacin, 0.07 M, was applied 20 min prior to UVB exposure. 
' Indomethacin, 0.07 M, was applied 1 min , 2 h, and 4 h after UVB 
exposure. 
"PABA, 0.07 M , was app lied 20 min prior to UVB exposure. 
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tration [13]. The test area used was the back, between the waist a nd 
scapu lae, on either side of t he midline. The studies were performed 
with the subjects in a prone position, at a 38-cm distance from the 
solar simulator. Twenty minutes prior to exposure to irradiation, 250 
p.l of IND solu t ion , 0.07 M, or PABA, 0.07 M , or t heir respective vehicle, 
was applied to a 25 X 5 cm2 test area (i.e., 2 p.l /cm2). The test a rea was 
divided into 5 noncontiguous sites, each measuring 2 X 2 cm2 • These 
sites were exposed to radiation doses at 25% increments, starting with 
the MED of that particular subject. Thus, each site received 1.0, 1.25, 
1.56, 1.95, a nd 2.44 MED, respectively. The ratio between MED at t he 
treated site and that at t he untreated site was defined as t he sun 
protection factor (SPF). 
RESULTS 
Effect of UVB Irradiation on the Density of ATPase-Positive 
Epidermal Cells in Guinea Pigs 
Irradiation of guinea pigs with varying doses of UVB (10-
550 mJ/cm2 ) resulted in a dose-dependent decrease in the 
density of ATPase-positive cells (Fig 1) . This decrease was 
statistically significant at doses of UVB greater than 90 mJ/ 
cm2 (p < 0.01). After exposure to 90 mJ/cm2 of UVB, the 
maximal decrease of cell density of 21 % was noted on day 8, 
while 185 mJ/cm2 of UVB resul ted in a maximal decrease of 
35% on day 4. Irradiation with 370 mJ/cm2 resulted in a 
maximal decrease of 49% of cell density on day 2. At 550 mJ/ 
cm2, reliable enumeration of the ATPase-positive cells was not 
possible prior to day 4 because of the markedly altered mor-
phology of the cells. These results suggest that the latent period 
for the decrease in the density of ATPase-positive cells was 
shortened with increasing doses of UVB. 
The decrease in cell density was associated with an uneven 
distribution of t he cells, and morphologic alterations, charac-
terized by t hinning, shortening, or disappearance of dendritic 
processes (Fig 2). These changes were followed by the gradual 
reappearance of dendritic processes and the recovery of cell 
density, reaching the preirradiation level by day 21. 
To evaluate t he effect of UVB radiation at a distant site, the 
left side of the backs of a group of guinea pigs was exposed to 
550 mJ/cm2 of UVB, while the right side was covered with a 
lead shield. In serial biopsy specimens obtained from the cov-
ered site, performed at a 1-cm, 2.5-cm, and 4-cm distance from 
the irradiated area, no alteration in the density of ATPase-
positive cells was noted. These data indicate that effect of UVB 
irradiation on the alteration of cell density is restricted to the 
exposed area. 
Effect of IND on UVB-Induced Decrease in the Density of 
ATPase-Positive Cells in Guinea Pigs 
When IND was applied topically after irradiation, 1 + ery-
t hema was observed at 24 and 48 h; in contrast, sites not treated 
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FIG 1. Dose-response effect of UVB irradiation on the density of 
epidermal ATPase-positive cells. 
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F IG 2. Ep idermal heets stained for ATPase-activity. a, Specimen 
obtained prior to irradiation. The ATPase-posit ive dendri t ic cells are 
evenly distributed. b, Specimen obtained 2 days a fter 370 mJ/cm" of 
UVB radiation. There is th inning or disappearance of dendritic proc-
esses; the cells a re unevenly distributed. 
with IND had 3+ erythema. However, t he density of ATPase-
positive cells was decreased to the same magnitude as in guinea 
pigs exposed only to UVB (Fig 3, compared to Fig 1). In 
contrast, guinea pigs that received IND topically prior to, as 
well as following, irradiation had no decrease in the density of 
ATPase-positive cells (Fig 3), even t hough the erythemal re-
sponse was suppressed, as expected (1 + at 24 and 48 h). 
Similarly, no alteration in cell density was noted in guinea pigs 
that received topical IND only prior to irradiation, while the 
erythemal response was also suppressed (1 + at 24 and 48 h) . 
In all experiments, the application of the vehicle a lone had no 
effect. Thus, while decreased erythemal response was observed 
in animals treated topically with IND before or after UVB 
exposure, the protective effect against a decrease in the density 
of ATPase-positive cells was noted only when IND was appl ied 
prior to exposure to UVB. These results suggest that this 
protective effect is independent of t he known property of IND 
as an inhibitor of PG synthesis. This is further supported by 
the findings that oral administration of IND for 3 days (5 mg/ 
kg per day) prior to, and 24 h following UVB exposure, did not 
prevent the decrease in t he density of ATPase-positive cells, 
although the erythemal response was partially suppressed by 
t his treatment (2+ at 24 and 48 h). 
Comparison of the Effect of Topically Applied JND and PABA 
The protective effect of IND solution (0.07 M) on the decrease 
in the density of ATPase-positive cells induced by UVB was 
compared to that of 0.07 M PABA solution. The latter, applied 
topically 20 min prior to UVB exposure was as effective as IND 
in preventing the decrease in cell density. 
The above findings suggest t hat IND solution has the prop-
erty of a sun-protective agent. This possibility was investigated 
by measuring the absorption spectrum of IND solution in vitro. 
As shown in Fig 4, IND absorbs in both UVB and UV A ranges. 
Fig 4 also shows the absorption spectrum of an equimolar 
solut ion of PABA in 70% isopropyl alcohol, which has absorb-
ance at the UVB spectrum. Therefore, the protective effect of 
IND solution, when applied prior to UVB irradiation, may be 
explained, at least in part, by its property to absorb UVB 
radiation. 
Effect of Topically Applied IND in Humans 
To further evaluate the sun -protective effect of IND, studies 
were conducted on 2 healthy adult male volunteers, skin type 
I. In both subjects, the topical application of 2.5% IND in 
propylene glycol:ethanol:dimethylacetamide 20 min prior to 
exposure to UV radiation resulted in an increase in the MED 
from 25 to 35 mJ/cm2, giving an SPF of 1.6 (Table II). The 
topical application of equimolar concentration of PABA gave 
SPFs of 1.6 and 1.9 in these 2 subjects. 
DISCUSSION 
Epidermal Langerhans cells, along with ep idermal cell-de-
rived thymocyte-activating factor (ETAF), play an important 
role in the presentation of antigen to lymphocytes (3,14]. In 
recent years, it has been demonstrated that in mice and hu-
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FIG 3. Effect of topica lly applied INO on alteration of the density 
of ATPase-positive cells induced by UVB radiat ion (550 mJ/ cm2). 
Application of !NO prior to and fo llowing UVB exposure prevented 
the decrease in cell density, while application afte r UVB radiation did 
not. 
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TABLE II. Effect of topical application of indomethacin (0.07 M) and 
PABA (0.07 M) on minimal e1ythema dose (MEDJ in humans" 
Subjects MED mJ/ cm
2 Sun prolection factor 
Utreated Indomethacin PABA lnodmethacin PABA 
1 25 39 39 1.6 1.6 
2 25 39 49 1.6 1.9 
"Both solu t ions were applied 20 min prior to exposure to UV 
radiation. 
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mans, UVB irradiation markedly reduces t he density of ep ider-
mal Langerhans cells, as determined by staining for membrane 
ATPase and Ia reactivit ies [4-6]. However, t he effect of UVB 
irradiation on the Langer hans cells of guinea pigs, a frequently 
used animal model for investigation of contact [9] and photo-
contact [10] dermatitis, has not been investigated. The data 
presented in this report show that, in gu inea pigs, irradiation 
with UVB resu lted in a dose-dependent decrease of the density 
of ATPase-positive epidermal cells, associated with an uneven 
distr ibution and thinning, shortening, or disappearance of the 
dendritic processes of these cells. With increasing doses of 
UVB, t he intervals between the UVB exposure and the maximal 
decrease in cell density become progressively shorter. Relatively 
high doses of UVB (90 mJ/cm2 ) were needed to produce a 
statistically significant decrease of the cell density, and even at 
UVB doses as high as 550 mJ/cm2, t he maximal decrease in 
t he density of ATPase-posit ive cells was not more than 58%. 
These resul ts differ quantitatively from those obtained from 
simila r studies in albino mice and in humans [4]. In both mice 
and humans, a greater t han 50% decrease in the ATPase-
positive cell density has been observed after a single exposure 
to 30 mJ/cm2 of UVB. Upon irradiation with 100 mJ/cm2, less 
t han 10% of such cells were detectable. It appears, therefore, 
t hat the membrane ATPase activ ity of epidermal Langerhans 
cells in guinea pigs is realtively resistant to a single exposure 
of UVB, as compared to mice and humans. 
UVB-induced erythema has been shown to be mediated, at 
least in part, by PGs [2] . Although topical app lication of IND 
after exposure to UVB decreased t he erythema, thus confirming 
t he results of previous reports [2,15], it did not prevent t he 
decrease in the density of ATPase-posit ive ep idermal cells. In 
contrast, when IND was applied prior to, or prior to and again 
fo lowing irradiation, the alteration in the ATPase-positive cell 
density was prevented, and the erythemal response was sup-
pressed, suggesting that the UVB-protective effect of IND is 
independent of its known activity as an inhibitor of PG syn-
thesis. This is supported by t he observation t hat oral adminis-
tration of IND for 3 days prior to and 24 h following UVB 
exposure did not prevent the decrease in t he density of the 
ATPase-positive cells, even though the erythemal response was 
partia lly suppressed. Furthermore, t he protective effect of IND, 
when app lied topically prior to irrad iation, was comparable to 
t hat of equimolar concentration of PABA, a well-established 
sunscreen agent t hat has no known effect on t he metabolism 
of PGs. Therefore, t hese results suggest that PGs do not par-
t icipate in the alteration of the density of ATPase-positive ce lls 
induced by UVB irradiation. Whether the a lteration in cell 
density was due to a direct effect of UVB irradiation on t he 
cells, or was secondary to release of other mediators following 
irradiation, remains to be investigated. The observation that 
the cell de nsity was not altered in non irradiated skin located 
adjacent to the irradiated area, suggests that if mediators are 
involved in this process, t heir effects a re primarily local. 
Our resu lts suggest t hat IND may act as a sun-protective 
agent. Indeed, in vitro studies demonstrated that IND, when 
dissolved in a mixture of propylene glycol:ethanol:dimeth-
ylacetamide, had absorbance in both UVB and UV A ranges. 
T his absorption spectrum is similar to t hat of an equimolar 
concentration of PABA in 70% isopropyl alcohol for the wave-
length range of 250-320 nm . Howver, unlike IND, PABA had 
Vol. 81, No.5 
no absorbance at the UV A range. These in vitro observations, 
as well as our findings in guinea pigs, were corroborated by the 
resul ts of studies conducted on 2 fa ir-sk inned adul ts. Topical 
app lication of IND solut ion 20 min prior to exposure to UVB 
resulted in an increase in the MED from 25 to 39 mJ/cm2 , 
giving an SPF of 1.6, a value comparable to that caused by an 
equimolar concentratio n of PABA. The findings that topically 
applied IND has sun-protective properties, together with its 
known activity as a PG synthetase inhibitor, raise the interest-
ing possibility that it may be useful as a sun-protective agent. 
This may prove of particular value for persons who require 
protection against both UVB and UV A radiation , and for 
patients who are allergic to PABA or to cross-reacting sub-
stances [16]. However, the safety and efficacy of IND as a 
sunscreen age nt remains to be determined in a larger study. 
The authors wish to acknowledge Mr. Bruce Weintraub for technical 
ass ista nce, and Ms. Judith Cleary for typing the ma nuscript. 
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